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ABSTRACT
Using star formation histories derived from optically resolved stellar populations in nineteen nearby
starburst dwarf galaxies observed with the Hubble Space Telescope, we measure the stellar mass surface
densities of stars newly formed in the bursts. By assuming a star formation efficiency (SFE), we then
calculate the inferred gas surface densities present at the onset of the starbursts. Assuming a SFE
of 1%, as is often assumed in normal star-forming galaxies, and assuming that the gas was purely
atomic, translates to very high Hi surface densities (∼ 102 − 103 M⊙ pc
−2), which are much higher
than have been observed in dwarf galaxies. This implies either higher values of SFE in these dwarf
starburst galaxies or the presence of significant amounts of H2 in dwarfs (or both). Raising the
assumed SFEs to 10% or greater (in line with observations of more massive starbursts associated
with merging galaxies), still results in Hi surface densities higher than observed in 10 galaxies. Thus,
these observations appear to require that a significant fraction of the gas in these dwarf starbursts
galaxies was in the molecular form at the onset of the bursts. Our results imply molecular gas column
densities in the range 1019− 1021 cm−2 for the sample. In those galaxies where CO observations have
been made, these densities correspond to values of the CO−H2 conversion factor (XCO) in the range
> 3− 80× 1020 cm−2 (K km s−1)−1, or up to 40× greater than Galactic XCO values.
Subject headings: galaxies: starburst – galaxies: dwarf – galaxies: evolution
1. INTRODUCTION
Star formation rates (SFRs) are known to corre-
late with the surface density of cold gas. This
correlation, commonly referred to as the Kennicutt-
Schmidt law, was seen using star formation (SF) and
gas tracers integrated on galaxy scales (Schmidt 1959;
Kennicutt 1989, 1998b). The direct correlation of SF
and molecular gas has been seen on sub-galactic spa-
tial scales as well, using maps of atomic and molecu-
lar gas (e.g., Martin & Kennicutt 2001; Wong & Blitz
2002; Bigiel et al. 2008; Rahman et al. 2012). How-
ever, the variables and conditions that govern when and
how much gas is converted into stars remains unclear
(e.g., Tan 2000; Martin & Kennicutt 2001; Wong & Blitz
2002; Leroy et al. 2008, and references therein). In addi-
tion, the role atomic Hi gas plays in driving the SFR is
also poorly understood, particularly in dwarf and low
surface brightness galaxies which lack significant CO
detections that trace molecular gas (e.g., Taylor et al.
1998; O’Neil et al. 2003; Leroy et al. 2005, and references
therein).
While most studies approach this analysis based on the
current SFRs and gas surface densities, studies of op-
1 Department of Astronomy, School of Physics and Astronomy,
116 Church Street, S.E., University of Minnesota, Minneapolis,
MN 55455, kmcquinn@astro.umn.edu
2 Department of Astronomy, Box 351580, University of Wash-
ington, Seattle, WA 98195
3 Raytheon Company, 1151 E. Hermans Road, Tucson, AZ,
85756
4 Department of Physics and Astronomy, Macalester College,
1600 Grand Avenue, Saint Paul, MN 55105
5 Department of Astronomy, New Mexico State University,
Box 30001-Department 4500, 1320 Frenger Street, Las Cruces,
NM 88003
tically resolved stellar populations can provide a longer
temporal baseline by probing the SF as a function of time
(i.e., SFR(t)). Using Hubble Space Telescope (HST ) ob-
servations, McQuinn et al. (2010a,b) reconstructed the
star formation histories (SFHs) of 19 nearby, starburst
dwarf galaxies. These temporally resolved SFHs enable
a calculation of the total stellar mass of stars newly
formed in these systems over the duration of the burst
events (i.e., a few 100 Myr). As the stellar mass was
formed from the gas reservoirs of the galaxies, this calcu-
lation provides a way to estimate the gas surface densities
present when the star forming episode began.
One way to quantify the amount of gas that is con-
verted into stars is through the star formation efficiency
(SFE) parameter, which estimates the fraction of gas
that is converted into stars in a given area during a fidu-
cial time period. The SFE defined in this way is dimen-
sionless and based on the direct connection between gas
and the stars formed from the gas. Models of SF, based
on different SF laws and SF thresholds, assume different
SFEs in their calculations, or conversely, predict SFEs
given a set of inputs (e.g., Tan 2000; Parmentier & Fritze
2009; Coˆte´ et al. 2011). Measurements of the SFE are
problematic, as the measurements of the gas being con-
verted into stars and of the stars produced from that gas
cannot be made simultaneously. In practice, observations
of SFEs usually assume typical observed gas surface den-
sities or gas surface densities in the vicinity of recent star
formation.
SFE’s have been studied in a variety of galaxy types
and environments including, in order of increasing SFRs,
dwarf galaxies (Bigiel et al. 2008), normal disk galax-
ies (Kennicutt 1998b; Bigiel et al. 2008; Rahman et al.
2012), luminous infrared galaxies (Young et al. 1986;
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Solomon & Sage 1988; Sanders et al. 1991), and massive
starburst galaxies (Kennicutt 1998b). The SFE values
range from ∼ 1% to values approaching − ∼ 100% in
massive starbursts (Kennicutt 1998b), with the majority
of normal star forming galaxies (i.e., dwarfs and spirals)
having lower SFEs in the ∼ 1− 10% range. SFEs higher
than 10% have been reported in more massive star-
burst galaxies (e.g., Young et al. 1986; Solomon & Sage
1988; Kennicutt 1998b; Sanders et al. 1991; Bigiel et al.
2008), possibly as a result of higher gas densities ac-
cording to the Kennicutt-Schmidt Law. However, on
small physical scales SFEs have also been argued to
be roughly invariant in any supersonically turbulent
medium (Krumholz & McKee 2005).
In this study, we use SFHs derived from resolved stellar
populations in 19 nearby, Hi dominated, starburst dwarf
galaxies (McQuinn et al. 2010a,b) in order to investigate
the gas content in these galaxies prior to their bursts.
For the derived stellar mass surface densities of the stars
formed in the bursts, we assume different SFEs to infer
the gas surface densities present at the onset of the star-
bursts. Further, we investigate the implications these
gas surface densities have for the amount molecular gas
that may have been present in these systems. The paper
is organized as follows. §2 summarizes the observations,
data processing, and SFH reconstruction technique. §3
calculates the surface density both of the SFR and of the
stellar mass. §4 applies different SFEs to infer the gas
surface densities present when the starbursts began and
§5 estimates CO−H2 conversion factors. §6 summarizes
our conclusions.
2. THE GALAXY SAMPLE, STELLAR POPULATIONS, AND
SFHS
In Table 1 we summarize various physical properties
of the 19 nearby starburst dwarf galaxies that com-
prise our sample. This sample was previously studied
by McQuinn et al. (2010a,b, and references therein) us-
ing archival HST V and I band observations from ei-
ther the Advanced Camera for Surveys or Wide Field
Planetary Camera 2 instruments. The galaxies all lie
close enough for the HST observations to resolve the
stellar populations into individual stars (i.e., D . 5
Mpc). A full description of the observations and data
processing can be found in McQuinn et al. (2010a). For
this paper we use the McQuinn et al. (2010a) photom-
etry, which was measured by DOLPHOT or HSTphot
(Dolphin 2000) from the HST pipeline processed and
cleaned images. In Figure 1, we present an example
of the photometric quality in the color magnitude dia-
gram (CMD) for ESO 154−023, whose data reach our
minimum required photometric depth. Representative
uncertainties are shown per magnitude by crosses in
the left hand side of the CMD. CMDs can be found
in McQuinn et al. (2010a, Figure 2) for the majority of
the sample and in Weisz et al. (2008) for two galaxies
(DDO 165 and Ho II).
The SFHs (i.e., the rate of star formation across
time SFR(t, Z)) were reconstructed by McQuinn et al.
(2010a) by fitting the observed CMDs (Dolphin 2002).
This well established technique uses stellar evolutionary
models (Marigo & Girardi 2007) to model the observed
CMD as a linear combination of different age and metal-
licity stellar populations for an assumed initial mass func-
Figure 1. The CMD of ESO 154−023 showing the typical pho-
tometric quality of the data used in the analysis. Photometric
uncertainties are shown in the left hand side of the CMD. Con-
tours are used to show the photometric structure of the stellar
populations in the red giant branch and lower main sequence at
levels of 75, 150, 300, and 600 point sources per magnitude-color
bin. The blue and red helium burning sequences are unambiguous
signs of recent SF. The CMDs for the entire sample can be found
in McQuinn et al. (2010a).
tion (IMF). As described in McQuinn et al. (2010a), the
SFHs were reconstructed assuming a binary fraction of
0.35 and a Salpeter IMF (Salpeter 1955), and allowing
the models to fit for distance and extinction. The metal-
licity was constrained to increase with time, except in
cases where the photometry reached a full magnitude be-
low the red clump. For a full discussion of the SFHs, the
time binning used, and uncertainties we refer the reader
to McQuinn et al. (2010a). We scaled down the SFRs
by a factor of 1.59 (Bruzual & Charlot 2003) to trans-
form the results to a Kroupa IMF (Kroupa 2001), thus
enabling a direct comparison with other studies in the
literature on SFR and SFR densities (e.g., Bigiel et al.
2008).
In Figure 2, we present an example of the resulting
SFH of ESO 154−023 over the last 3 Gyr. For this
starburst system, the recent SFRs are elevated over the
average value during the most recent ∼ 450 ± 50 Myr
(McQuinn et al. 2010b). This pattern of sustained ele-
vated SFRs at recent times is seen across the starburst
sample. For the current analysis, we focus on measuring
the SFR surface density over the duration of the star-
bursts, and on calculating the stellar mass surface den-
sity for the stars formed during the same time period.
3. STELLAR MASS SURFACE DENSITIES OF NEWLY
FORMED STARS
SF intensity is frequently parameterized by cal-
culating the SFR surface density, ΣSFR ≡ SFR
area−1 (M⊙ yr
−1 kpc −2) (e.g., Meurer et al. 1997;
Lanzetta et al. 2002; Kennicutt et al. 2005). This cal-
culation of ΣSFR depends upon the timescale over which
one measures the SFRs. For example, the SFR calculated
from Hα flux (e.g., Kennicutt 1998a; James et al. 2004)
is the SFR averaged over the past few Myr, whereas the
SFR calculated from UV emission (Meurer et al. 1997)
is an average over the past few hundred Myr. If the SFR
remains constant over the two time periods, the aver-
ages are equivalent, but variations in the SFR over time
can make the different values difficult to compare. The
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Figure 2. The SFH of ESO 154−023 during the last 3 Gyr. The
SFR is calculated assuming a Kroupa IMF. The SFR is higher over
the past 500 Mr, preceded by a period (∼ 2.5 Gyr) of quiescence
when the SFR was a factor of ∼ 5 lower. This pattern of sustained
elevated SFR at recent times is seen across the entire starburst
sample. In this study, we measure the ΣSFR and calculate the stel-
lar mass surface density during this period of elevated SF. The bin
size along the horizontal axis was chosen based on temporal reso-
lution achieved from SFHs reconstructed from synthetic CMDs of
similar completeness. The same binning is used for each galaxy in
the sample. The error bars include both systematic uncertainties
and statistical uncertainties estimated from Monte Carlo simula-
tions. The uncertainties are typical of the SFH of the sample.
optically resolved stellar populations and temporally re-
solved SFHs allow us to select the timescale over which
to calculate ΣSFR. We chose to calculate ΣSFR over the
duration of a burst (see Figure 2). The durations and
SFRs averaged over these timescales, listed in Table 1,
were compiled from McQuinn et al. (2010b).
There are a number of possible choices for normaliz-
ing the SFR to a fiducial area. In nearby systems, both
James et al. (2004) and Kennicutt et al. (2005) use the
area of the currently active star forming regions as traced
by Hα emission. The ΣSFR calculated in this way fol-
lows a Gaussian distribution for nearby galaxies ranging
from 10−4 to 102 M⊙ yr
−1 kpc−2, with massive starburst
galaxies generally falling in an extended tail of the dis-
tribution above 10−1 M⊙ yr
−1 kpc−2. Alternatively, the
area has been defined as the half-light radius of a galaxy
in the UV (i.e., radius∼ 0.1−10 kpc; Meurer et al. 1997),
or as the optical disk of a galaxy measured to the B-
band 25 mag arcsec−2 isophotal radius (i.e., radius ∼ kpc
scales; Schmidt 1959; Kennicutt 1998b). In a compara-
tive study using Hi, UV, and optical data, Wyder et al.
(2009) use the minimum area for which all wavelengths
showed a detection and the ΣSFR was calculated using
an average SFR based on UV surface brightness over the
adopted area.
Over the duration of a starburst, in many dwarf galax-
ies, SF has been shown to be widely distributed across
the disks of the galaxies, rather than solely concentrated
at the very center (McQuinn et al. in prep.). Therefore,
for this study, we use the optical extent of the galaxies
included in the HST observational fields of view. The
ΣSFR calculated from this area represents a measurement
of the SF activity in the optical disk over the life of a
starburst. These values could potentially be compared
with SFR surface densities calculated for high redshift
bursting dwarf galaxies, should observations of this type
become available. Note that for our analysis of ΣSFR,
this choice in area represents a conservative assumption.
In addition, if the gas is assumed to be clumped (as ex-
pected), then this will result in even higher values of
precursor gas surface density.
The optical areas of the galaxies were calculated based
on the major diameter measured from the extent of the
B-band 25 mag arcsec−2 isophotal radius and the elliptic-
ity of the galaxy (e.g., D25; Karachentsev et al. 2004, see
Table 1). These D25 measurements were corrected for
inclination angle and Galactic extinction following the
prescription by de Vaucouleurs et al. (1976). Included
in Table 1 are the deprojected D25 areas covered by the
HST fields of view and the equivalent areas in kpc2 for
the sample, accounting for distance to the system. In
eleven galaxies, the observational field of view covered
the extent of the galaxy out to the D25 limits. In the
remaining cases, the angular area of the observations did
not extend to this surface brightness limit. For these
galaxies, we normalized the SFR by the area covered by
the HST observations corrected for inclination. We dis-
cuss the impact of these smaller fields of view on our
results below.
In Figure 3, we present a histogram of our measured
ΣSFR ranging from 10
−3.5 to 10−1.5 M⊙ yr
−1 kpc−2. Val-
ues for individual galaxies are listed in Table 2. The
range of values in this starburst sample is lower than
the 0.1 M⊙ yr
−1 kpc−2 threshold set for starbursts
in more massive galaxies based on Hα derived SFRs
(Kennicutt et al. 2005). ΣSFR is generally higher in more
massive disk galaxies (Kennicutt 1998b; Bigiel et al.
2008). However, ΣSFR values from different studies are
difficult to compare as the adopted areas and the meth-
ods of measuring the SFRs often vary.
The total stellar mass formed during the bursts can
be calculated directly from the SFHs by integrating the
SFRs(t) over the duration of the bursts. Applying the
same de-projected physical areas in Table 1, we calculate
the stellar mass surface density of stars formed during
the burst (Σ∗,burst), ranging from 0.2 to 13 M⊙ pc
−2.
Values for individual galaxies are listed in Table 2. For
the galaxies where the observational field of view did not
reach the isophotal radius of 25 mag arcsec−2, our analy-
sis applies to only the central regions of the systems. The
difference between this central value of the stellar mass
surface density of the newly formed stars and the value
for the entire optical disk is difficult to estimate as the
SFRs in the outer regions of galaxies do not scale linearly
with area. This may be an important difference in the
three galaxies where the HST field of view covers less
than half of the optical disk (see Table 1), but will not
impact our results significantly in the remaining systems.
Note also that the stellar mass values are dependent on
the form of the IMF assumed in deriving the SFHs. If
we adopted a Salpeter IMF (Salpeter 1955), these stellar
mass values would be larger by a factor of 1.59.
4. SFES AND INFERRED INITIAL GAS SURFACE
DENSITIES
Having measured Σ∗,burst, we can infer the hydrogen
gas surface density (hereafter Σgas) present at the onset
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Figure 3. The histogram shows the range of ΣSFR found in the
sample. The values are lower than typical starburst SFR surface
densities of more massive, H2 rich galaxies found in the literature
(e.g., Kennicutt 1998b; Gao & Solomon 2004), both because the
sample consists of lower mass galaxies that are Hi dominated and
because we use the larger area of the optical disk as our baseline
area. These ΣSFR are similar to measured values for spiral disks
galaxies when averaged over sub-kpc scales (Bigiel et al. 2008).
Thus, while the sample is comprised of dwarf galaxies, the bursting
SF makes their SFR surface densities comparable to the higher end
of more massive spiral disk galaxies.
of the starbursts, for an assumed SFE and an assumed
primordial Helium abundance of 1.33 (Cyburt et al.
2008; Komatsu et al. 2011). This simple model as-
sumes that the initial hydrogen gas mass is a multiple
of the stellar mass formed in the burst in the stars (i.e.,
Σgas ≡ (Σ∗,burst/1.33)/SFE). The SFEs in dwarf galax-
ies are typically between 1 − 3%, comparable to the SF
in outer disks of spiral galaxies. However, while the star-
burst dwarf galaxies in our sample have low masses and
low metallicities typical of dwarf galaxies, their ΣSFR are
comparable to or higher than the values of ΣSFR for typ-
ical spiral galaxies which show SFEs between 5 − 10%
(Bigiel et al. 2008; Rahman et al. 2012).
Based on the previous results for both dwarf and spi-
ral galaxies, we might expect SFEs for our sample to lie
in the range of 1 − 10%. Starting with the lower limit
SFE value of 1%, typical of the lower SFRs typically
found in the outer regions of spirals and in dwarf galaxies
(Kennicutt 1998b; Bigiel et al. 2008), the inferred Σgas
ranges from 25 − 900 M⊙ pc
−2. However, if we assume
that the ISMs in these dwarf galaxies are Hi dominated,
as suggested by observations (e.g., Leroy et al. 2008),
this derived range of gas surface densities includes densi-
ties far greater than any Hi gas surface densities observed
to date. The typical value of the maximum ΣHI observed
in dwarf galaxies is limited to the range of ∼ 5 − 10
M⊙ pc
−2 (Swaters et al. 2002) with a sharp saturation
at ∼ 10 M⊙ pc
−2 (Wong & Blitz 2002; Bigiel et al. 2008)
when measured on sub-kpc scales. These numbers will
be lower if averaged over larger physical scales. The im-
plication is that the SFE must be higher than 1%, or
that not all of the hydrogen is in the atomic phase (or
both). Because the highest stellar mass surface densi-
ties of newly formed stars derived assuming a SFE of 1%
are roughly 100 times larger than the highest observed
HI surface mass densities, solving this problem would re-
quire SFEs of order 100%, which are very unlikely.
Atomic hydrogen gas surface densities higher than any
observed would be possible if the triggering event of
the starburst provided additional gas to the systems
(Ekta & Chengalur 2010), temporarily increasing Σgas
far above what is typically observed in Hi. As none of
the galaxies in the sample show evidence of an obvious
merger, gas infall would be the most likely source of the
additional mass. However, Himaps, available for roughly
half of the sample (Begum et al. 2008; Bigiel et al. 2008;
Warren et al. in prep), do not show highly disturbed Hi
morphologies, as would be expected from a gas infall
event. We will go forward assuming a higher SFE of 10%
and see what that implies about the gas surface densities
and the molecular gas fractions.
Figure 4 shows the relationship between the observed
SFR surface density and the inferred gas surface den-
sity with an assumed SFE of 10%. The points devi-
ate from a straight line because systems with similar
average SFR densities can have different stellar mass
surface densities of recently formed stars depending on
the duration of each burst. While 5 galaxies host “fos-
sil” bursts, the remaining 14 host on-going starburst ac-
tivity. Thus, many of the gas surface density values
will increase as the bursts mature. Figure 4 demon-
strates that even with a higher SFE of 10%, half the
sample have inferred Σgas that exceed any observed
atomic hydrogen gas surface densities to date (ΣHI ∼
10 M⊙ pc
−2; Swaters et al. 2002; Wong & Blitz 2002;
Bigiel et al. 2008). Conversely, if we assume that Σgas
is . 10 M⊙ pc
−2 based on Hi observations, we infer a
minimum SFE of 3% and a maximum SFE far exceeding
100%. Thus, it appears that the calculated stellar mass
surface densities of newly formed stars imply that the
typical dwarf galaxy has a significant reservoir of molec-
ular hydrogen.
Assuming the initial gas mass is some combination of
atomic and molecular gas, the values of the inferred Σgas
seen in Figure 4 suggest that a significant fraction of the
gas is in molecular form in 10 of the galaxies. If we adopt
both a SFE of 10% and a ΣHI = 10 M⊙ pc
−2, then the
inferred molecular gas surface density (ΣH2) ranges from
∼ 1 − 80 M⊙ pc
−2 or an equivalent average H2 column
density of 1019 − 1021 cm−2; values for the individual
galaxies are listed in Table 2. This range would be higher
if a lower SFE were assumed (this is likely the case for
the systems with log ΣSFR < −3). Our estimated values
of ΣH2 are averages for the optical disk; regions of even
higher molecular gas densities would be expected in star-
forming regions.
Our inferred ΣH2 can be compared with known mea-
surements of ΣH2 in more massive disk galaxies with simi-
lar ΣSFR. For example, ΣH2 has been measured to range
from ∼ 3 − 70 M⊙ pc
−2 in the inner regions of lower
metallicity spiral galaxies (Bigiel et al. 2008; Leroy et al.
2011). Somewhat higher H2 column density estimates of
up to ∼ 1022 cm−2 (i.e., 100 M⊙ pc
−2) have been found
in the SMC from infrared dust measurements on 200 pc
scales (Bolatto et al. 2011). In the central regions of 14
normal spiral galaxies, Rahman et al. (2012) have mea-
sured ΣH2 to range from 20 − 1000 M⊙ pc
−2, however
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Figure 4. Assuming a SFE of 10%, the inferred hydrogen gas sur-
face densities present at the onset of the bursts range from 2 − 90
M⊙ pc−2, after correcting for the abundance of Helium. The galax-
ies plotted in red have ongoing bursts, while those plotted in black
are fossil bursts. Uncertainties in the ΣSFR are smaller than the
size of the points, except where drawn in the Figure. We adopted
one value of SFE, but the SFE is likely to be lower for the systems
with log ΣSFR < −3, based on measurements in galaxies with
similar SFR surface densities (Bigiel et al. 2008). Therefore, the
gas surface densities in these systems are likely to be higher. For
the galaxies with log ΣSFR & −2.9, even with assuming a SFE of
10%, the inferred Σgas is higher than the observed range in maxi-
mum values of ΣHI = 5− 10 M⊙ pc
−2 observed in dwarf galaxies
(Swaters et al. 2002), with a sharp saturation at ∼ 9 M⊙ pc−2
(Bigiel et al. 2008)). Thus, we conclude that a significant fraction
of the gas is in molecular form and remains unobserved in most of
these galaxies. Further, we estimate the XCO factor to range from
3 to 80 ×1020 cm−2 (K km s−2)−1 based on the inferred molecular
gas surface densities and CO observations, where available, in the
literature.
giant molecular clouds in the Milky Way have a mean
hydrogen molecular gas surface density of 42 M⊙ pc
−2,
with variations up to 80 − 120 M⊙ pc
−2 (Heyer et al.
2009). Based on these comparisons, the estimated val-
ues of ΣH2 (ranging from ∼ 1 − 80 M⊙ pc
−2) and the
corresponding fraction of molecular to total gas are in
agreement with molecular gas surface densities and with
molecular to atomic ratios measured in galaxies with sim-
ilar ΣSFR. In addition, the typical timescale to deplete
the molecular gas by star formation in a disk galaxy is
∼ 2 Gyr (Bolatto et al. 2011; Rahman et al. 2012). This
depletion timescale is up to 4× longer than the dura-
tion of the starburst events indicating that typical disk
galaxies will contain sufficient reservoirs of molecular gas
over the timescales of a starburst to fuel and sustain the
elevated levels of SF.
5. LIMITS ON THE CO-H2 CONVERSION RATIO
While the atomic Hi component of galaxies is easily
measured using 21 cm observations, the molecular H2
component is generally measured indirectly by measur-
ing emission from the CO molecule and then inferring a
ratio of the CO to H2 molecules (i.e., the CO-H2 con-
version factor, XCO). Estimating H2 masses from CO
emission has proven more difficult in dwarf galaxies for
two reasons. First, there are well known difficulties in
detecting molecular gas in low metallicity environments
(e.g., Bolatto et al. 2008, and references therein). Since
few dwarf galaxies have CO emission detections, conver-
sions from CO emission to H2 masses are often only up-
per limits. Second, XCO is uncertain for low metallicity
systems. Historically, XCO was based on measurements
at higher metallicities and application to lower metallic-
ity systems was uncertain. Indeed, the conversion factor
has been measured to be a strong function of metallicity
below 12+log(O/H) ∼ 8.4 − 8.2 (Leroy et al. 2011), the
upper end of the metallicity range of our sample. Thus,
even in cases with CO emission detections, conversion to
an H2 mass is uncertain for low metallicity dwarfs.
We can constrain the values of XCO for a few systems in
our sample by combining our inferred values of ΣH2 with
confirmed CO detections (or limits on the CO emission)
from the literature. While most galaxies in our sam-
ple have very low metallicities (i.e., 12+log (O/H). 8.0;
see Table 1 for individual values) where CO is com-
pletely non-detected (e.g., Taylor et al. 1998), a few of
the more luminous galaxies in our sample with some-
what higher metallicities (i.e., 12+ log(O/H) ∼ 8.1−8.4)
do have CO detections (e.g., NGC 1569, Young et al.
(1984); NGC 4449 and NGC 4214, Tacconi & Young
(1985); NGC 5253, Turner et al. (1997); NGC 6822,
Wilson (1992)). In Table 2, we list confirmed CO detec-
tions from the literature for five galaxies and CO upper
limits for an additional three galaxies. Using these CO
observations and our estimates of NH2 in the galaxies
with inferred molecular gas content, we calculate XCO
to range from (> 3 − 80)×1020 cm−2/(K km s−1). The
lower end of this range is ∼ 1.5× greater than Galac-
tic measurements while the upper end is 40× greater.
These estimated values of XCO are in agreement with
measured values of ∼ 20×1020 and ∼ 45×1020 cm−2/(K
km s−1) found for two dwarf galaxies in the Local Group
from infrared dust emission (Leroy et al. 2011) and the
lower limit of 10× Galactic XCO values placed on a low
metallicity (12+[O/H]∼ 7.67) Local Group dwarf galaxy
DDO 154 (Komugi et al. 2011).
Since nearby, metal poor, dwarf galaxies are often con-
sidered the prototypes of more massive galaxies at high
redshift, it is also interesting to compare our estimated
XCO values to measurements in low metallicity systems
at high redshift. In a sample of star forming galax-
ies in the mass range 1010 − 1011 M⊙, one to two or-
ders of magnitude more massive than any of the galaxies
in our sample, Genzel et al. (2012) found the CO lumi-
nosity to molecular gas mass conversion factors to be
∼ 2.5 − 14× Galactic values in a metallicity range of
12+[O/H] ∼ 8.1 − 8.4, with higher values expected in
lower mass galaxies. For comparison, for the lower mass
galaxies in our sample which span the range in metallic-
ities from 12+[O/H]∼ 7.4 − 8.4 (see Table 1), our esti-
mated XCO factors include values up to 40× greater than
Galactic XCO values.
6. CONCLUSIONS
We have used optical imaging of resolved stellar pop-
ulations obtained from the HST data archive to mea-
sure the SFRs and stellar mass surface densities of stars
formed during starburst events in a sample of 19 nearby
starburst dwarf galaxies. The SFR surface densities of
these dwarf galaxies are comparable to the higher end
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of SFR surface densities of more massive spiral galaxies
while still having low metallicities typical of dwarf sys-
tems.
By assuming different SFEs, the stellar mass surface
densities were used to infer gas surface densities present
at the onset of the bursts. Using a SFE of 1% and as-
suming Σgas ∼ ΣHI, all inferred gas surface densities are
greater than the observed range of Hi gas surface densi-
ties in dwarf galaxies of . 10 M⊙ pc
−2 (Swaters et al.
2002; Wong & Blitz 2002; Bigiel et al. 2008). Using a
higher SFE of 10%, half of the inferred gas surface den-
sities are still higher than the observed range of ΣHI by
factors of 9.
The simplest explanation appears to be that a signifi-
cant fraction of the gas is in molecular form but remains
unobserved in most of these galaxies due to their low
metallicities. Indeed, the elevated levels of recent SF are
an unambiguous sign that our sample of galaxies have
hosted significant reservoirs of cold molecular gas. In
this low metallicity regime, the H2 masses can be sig-
nificant, even for very low CO luminosities. Thus, the
lack of CO detections in our sample is not inconsistent
with their having significant reservoirs of molecular gas.
Coupled with limits on CO emission from the literature,
the inferred molecular gas surface densities suggest XCO
factors of up to 40× greater than Galactic measurements
in these low metallicity and low mass galaxies.
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Table 1
The Galaxy Sample and Properties
MB Distance D25 Area Deproj. D25 Area Duration <SFR> over Burst
Galaxy (mag) (Mpc) in FOV (%) in FOV (kpc2) of Burst (Myr) (×10−3 M⊙ yr−1) 12+log(O/H) Source
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Antlia -10.14 1.25 100% 0.47 636±185 0.18±0.02 7.39 1
UGC 9128 -12.45 2.24 100% 1.2 1300±300 1.8 ±0.01 7.74 2
UGC 4483 -12.68 3.2 100% 1.0 >810±190 2.5 ±0.1 7.50 3
NGC 4163 -13.75 3.0 100% 3.2 460±70 4.5 ±0.2 7.69 4
UGC 6456 -13.85 4.3 100% 3.0 >570±60 3.5 ±0.2 7.64 5
NGC 6789 -14.60 3.6 100% 1.7 480±70 4.5 ±0.1 7.77 4
NGC 4068 -14.96 4.3 100% 19.5 >459±50 20. ±1 7.84 4
DDO 165 -15.19 4.6 100% 18. >1300±300 21. ±1 7.80 4
IC 4662 -15.39 2.4 100% 2.2 >450±50 28. ±1 8.17 6
ESO 154-023 -16.21 5.76 63% 120 >450±50 53. ±1 8.01 4
NGC 2366 -16.33 3.2 96% 40. >450±50 56. ±1 8.19 7
NGC 625 -16.26 3.9 63% 35. 450±50 18. ±1 8.10 8
NGC 784 -16.78 5.19 73% 64. >450±50 63. ±2 8.05 4
Ho II -16.92 3.4 44% 21. 566±65 51. ±1 7.92 6
NGC 5253 -16.98 3.5 100% 28. >450±50 130 ±2 8.10 9
NGC 6822 -17.86 0.5 10% 0.42 >20± 4.5 ±0.4 8.11 10
NGC 4214 -17.02 2.7 13% 5.4 810±190 46. ±1 8.38 11
NGC 1569 -17.76 3.36 87% 3.0 >450±50 76 ±2 8.19 12
NGC 4449 -18.02 4.2 87% 40. >450±50 270 ±5 8.21 13
References. — (1) Piersimoni et al. (1999); (2) van Zee et al. (1997); (3) Skillman et al. (1994); (4) L-Z relation; Zaritsky et al. (1994);
Tremonti et al. (2004); Lee et al. (2006); (5) Croxall et al. (2009); (6) Hidalgo-Ga´mez et al. (2001a); (7) Roy et al. (1996); (8) Skillman et al.
(2003); (9) Kobulnicky et al. (1997a); (10) Hidalgo-Ga´mez et al. (2001b); (11) Kobulnicky & Skillman (1996); (12) Kobulnicky & Skillman
(1997b); (13)Skillman et al. (1989)
Note. — Column (1) Galaxy name. Column (2) Absolute B magnitude of the galaxy. Column (3) Tip of the Red Giant Branch distance to
the galaxy. Column (4) Indicates the percentage of the area defined by the B-band 25 mag arcsec−2 isophotal diameter in the observational field
of view (F.O.V.) form Karachentsev et al. (2004). Column (5) Measures the deprojected D25 area contained in the F.O.V. in kpc
2. Column (6)
The starburst durations (McQuinn et al. 2010b). The durations are lower limits in 12 systems as the galaxies show on-going, elevated rates of
SF. Column (7) The average SFRs over the duration of the starbursts (McQuinn et al. 2010a) scaled from a Salpeter IMF to a Kroupa IMF by
dividing by a factor of 1.59.
Zaritsky, D., Kennicutt, R. C., Jr., & Huchra, J. P. 1994, ApJ,
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Table 2
The SFR, Stellar, Gas Surface Densities, and XCO Conversion Factors
Measured Measured Inferred log Σgas NH2 (×10
20 cm−2) Estimated MH2 ICO XCO
log ΣSFR log Σ∗ burst (M⊙ pc
−2) Assumes at onset of burst (K km s−1) (×1020)
Galaxy (M⊙ yr−1 kpc−2) (M⊙ pc−2) SFE=10%; He factor=1.33 ΣHI = 10 M⊙ pc
−2 (×106 M⊙) from lit. (cm−2/(K km s−1)
(1) (2) (3) (4) (5) (6) (7) (8)
Antlia -3.41 ± 0.088 -0.5 ±0.05 0.37 · · · · · · · · · · · ·
UGC 9128 -2.82 ± 0.011 0.4 ±0.03 1.24 5 9 · · · · · ·
UGC 4483 -2.61 ± 0.009 0.4 ±0.06 1.26 5 8 < 0.195 > 26
NGC 4163 -2.85 ± 0.005 -0.1 ±0.07 0.77 · · · · · · · · · · · ·
UGC 6456 -2.94 ± 0.005 -0.1 ±0.07 0.74 · · · · · · · · · · · ·
NGC 6789 -2.58 ± 0.005 0.2 ±0.08 1.03 4 1 · · · · · ·
NGC 4068 -3.00 ± 0.001 -0.3 ±0.02 0.57 · · · · · · · · · · · ·
DDO 165 -2.94 ± 0.001 0.3 ±0.03 1.13 2 65 · · · · · ·
IC 4662 -1.90 ± 0.003 0.8 ±0.04 1.68 23 82 · · · · · ·
ESO 154-023 -3.36 ± 0.001 -0.7 ±0.02 0.22 · · · · · · · · · · · ·
NGC 2366 -2.85 ± 0.001 -0.2 ±0.01 0.71 · · · · · · < 0.6 · · ·
NGC 625 -3.28 ± 0.001 -0.6 ±0.05 0.27 · · · · · · · · · · · ·
NGC 784 -3.01 ± 0.001 -0.3 ±0.02 0.58 · · · · · · · · · · · ·
Ho II -2.62 ± 0.001 0.2 ±0.02 1.08 1 45 < 0.46 >3
NGC 5253 -2.35 ± 0.001 0.4 ±0.03 1.24 5 210 0.725 6
NGC 6822 -1.97 ± 0.1 -0.4 ±0.08 0.50 · · · · · · 0.89 · · ·
NGC 4214 -2.08 ± 0.002 0.9 ±0.06 1.80 33 280 0.542 61
NGC 1569 -1.60 ± 0.004 1.1 ±0.04 1.96 51 240 0.685 74
NGC 4449 -2.17 ± 0.001 0.5 ±0.05 1.39 9 590 0.78 12
Col. (1) Galaxy name. Col. (2) The SFR surface density is equal to the average SFR over the life of the burst (McQuinn et al. 2010b), assuming a Kroupa IMF, and divided by the deprojected
area out to the B-band 25 mag arcsec−2 isophotal diameter or the field of view, whichever is smaller (see Table 1 for values). Col. (3) The stellar mass surface density is equal to the stellar mass
formed during the burst divided by the the same area used for the ΣSFR and converted to pc
−2. The stellar mass was calculated by integrating the SFRs over the duration of each starburst
(McQuinn et al. 2010b). Col. (4) The inferred hydrogen gas surface density present at the onset of the burst is equal to the Σ∗ burst divided by an assumed SFE of 10% and a factor of 1.33 to
account for the abundance of Helium. Col. (5) The estimated number density of molecular hydrogen assuming an Hi gas surface density = 10 M⊙ pc
−2, based on the gas surface densities in Col.
(4). Col. (6) Molecular gas mass estimated at the onset of the starbursts in the areas listed in Table 1 based on the H2 column densities in Col. (5). These values can be compared to the 10
5
−106
M⊙ molecular gas mass typical of a Galactic GMC (Blitz 1993). Col. (7) Intensity of CO emission including confirmed detections for NGC 5253, NGC 4214, NGC 1569 (Taylor et al. 1998),
NGC 6822 (Wilson 1992), and NGC 4449 (Tacconi & Young 1985), and observationally set upper limits for UGC 4483 (Taylor et al. 1998), NGC 2366 (Hunter & Sage 1993), Ho II (Young et al.
1995). Col. (8) XCO factor estimated from the ratio of inferred H2 column densities to measured CO luminosities for systems or observationally set upper limits, for the galaxies with inferred
molecular gas content.
